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^ A'fn ^ir^L, @ ^ TIU&IUM^T 
^ r i£ i*l -fMM* m (LED)^,fj ̂  o &-f^m^Jk 
hftikZ-, *£# 
^itj-J"-^-/"'l±, ^ i1 JL 

15 HI M^&Jk$,^^^fa(CMOS)^±y&L^ilA^ 12 ttfj&MJtL, 

&A, &-f fU£^£^*ML!0]E ^m, &%\4rfa>¥£? 

20 &&{$&#, £x£i±#It 
^Ti€i^#'lt;X, iff 
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Si(lll)#^Ji^, 

5 o Si(lll)GW$ii57 
-tMj"-=-$*!"# 6^ #,&, tij-f 

£ Si(Hi)Ji^J^^li^^01)Ml:^, £ 
^'J,© ̂  ̂  ^ „ % J /X, T *£ 

Si(lll), it^S-^Mk^ Si(lll)-f4H£^ 

15 [§] BE) 1&) Jik*, ~kv$-

Si(lll)-f-fM^^ Si(100)^-f-^^^i^^#^^^o ifi±#^]&%& 
si(iii)-f-fM£^ si(ioo)^$-^M:^MM&^&, 

A>y T %,\ut$\ 
20 f^fftJl^, i-t^J^A^'^'m^t'^o 

Jli£ J'^M^A &] ^'J ^ ffl BE) >1 fr\J 7j & ̂  A, #'] -ke^ VXfeffi % &M-
ttA&f&%> 1*1 ^ all 

T JLJ£ HI ̂ : 
—##f ^ 

25 &t, 
#jL^1^-h^M^I*! 5j, /*^fi£|l —^ 
&&>&&&£ 



WO 2015/103976 PCT/CN2015/070251 

-3-

-f -•-f-^ J:^#f&% —-I5"&] m f *1 ^ -f-J- 7T 
fa #}$-%&* 

>ft % Bfl fr-J i£—$Li&, #T*M£ ft*} # # 

^ 1^1 ^ ̂  1^1 o 
#^ ##U&, fJf&M Y^L%— 

fr-}0E)^, 

'ft ̂  ^ ii—, #f i£|£ —^•f-'feM^^f\^L% ̂ -^-%-faM;^ nb% 

fr\ji£—PJf&M—#BE) 

& /t ̂  ^ ^ o 

jl BE)^£, 

m^TT FfUN. 
tt%&2LWtf}&-l!r&&, 

j^J^-Mziki^-M: ̂  Jl M: 3& £cf $J o 

'ft 0.fl ^ i£—# i£, PJf&M i£##j &&>£-f^—^-^-^M^PJf^i$ 

yf%&2L*fitf)$L—ip-zttit, PJf^JiM4Mn^^PjfitM—J 

Jly^loj Jl^r^^U 1*1 ¥j BE) 1°J •> Jl^) 

&/&, 

M-~? ^ Jl 1*1 &\J 05) ^ ̂ 

^7]^-^-^" f°} JlBE)f°7^ jir^o 

-ft ̂  0^ &J i£—^?iLi^, pff J^'frM'Myfl^P ̂  #fi£^r —•^-f'-#-/^- ¥} BE)#-
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nk fa &<> 

!U^ic> 
4S#JL, 40^#., 4S^40llt 6^— 

'A0 

^@,©34, ]Xk7T&, #f 

si, 
S2. &t, 

&&M.irfajL4!rtxn bmn&, fr^.%tr&% 

tfjffiMiSj, ^ff\^L% —^tJM&#f M:^nn^t%?>'&%&&&$• 

$•&&, #r&#^S2 ,£*£&&: 

77&&•& jL4*&, E, $M.*\Mfcfcfajt# 11 ^ ^ ^£iL 
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77 '/£: iiBE) Ji 44/cK 
# % m tfj it—# & it, liH tfj *] ̂  ̂ 

^ ̂  a , ^-f-^Mh^ %/&%) 5J®*Y^ t ̂  —#il £ # ̂  o 
-jp-fcit, fif&lP'M-S2 &&&&: 

CVD, PECVD, LPCVD, RTCVD, MOCVD, MBE, 
ALD t^J— 

Jt fr\J iM4" T, ~°I^A'y h *£ Zfxkffj&f- $L tf] M 
t, *£&[&&*$#}Jl^; n^uA>hz-t>y&jk, 
T#'l±. 

M-M 
T JL>f%&#>}tf)%k^77^L, T 

#']iUiL^r#t s£^#f^-£HMtfjF#®#f^#-, JIL ̂  ̂  J5J&, T ̂  i£ 
t ̂  F# ® 0^1 T&& ̂ ^ #'J, *t -f AI , 
£iti^Jit'f^ijj, i£-5TF# ® m%$rW F#® 0 

® 1 i«j tf] ®; 
® 2 — Si(lll)^<-2ll>77fa^TM: Si(lll)^ 

® 3 %^&m%-=-%fa77^±M:^ Si(lll)^<-211>^r^^T^ Si(lll) 
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® 4(a);# ^^^ti^^Si(lll)^<-211>^^T^Si(lll) 
^<-211 >77 ® 4(b)^t@ 4(c)^#j 7-? Ji>g-
Si (111) faTM Si (111) rtmm; 

® 5(a)^4-^^^^^^^iCt-i-^^Si(lll)^<-211>^-^^T^Si(100) 
fHj<-110>y5^#£—® 5(b)^® 5(c)^j^_hyt 
Si (111) ^T^Si (100) 

® 6 % j&Z'&tJgrt Si(lll)^ Si(100)yg^^#^^ 
$J tfj^F^-^fA ^ $ ®; 

® 7 Si(110)M* Si(100)^3t#^#^# 
#J #1 ̂  A ̂ $J ®; 

® 8 Si(m)m* Si(110)^3t#!^#iU£ 
#J ¥s & #J gj. 

^ T 4H# ̂ F# ® 7F ̂  ^ 77 iW^ J&. 

w. 

Kj 2 — , I^PJLJI- Si(lll) 
^<-211>^"Si(lll)^<l-10>^ri°J-f-'ff 
£,t> +^fMt&l &te: £—-f-f-fcy&ll; ^-ff-^-f-^11 _h^f-=: 
^f-f-^12, f12T^4M^^-HMf^20 -&t> f—•f-
-^ri^M: 11 -^--^-^-^M: 12 fe-4* ii~77i«} _L -H-^f^ [*] frtilf- ^ if? 0 
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11 Si, GaN, A1N, 
SiC, GaAs, InP, ^<J;6 t #, 

vg- 12 ^4t^n^<fFHf>]0 

Si, GaN, A1N, SiC, GaAs, InP, t *fs ^H^yg-11 
ji-jf-f-^ 12 f 

10 -jrfatf 
oh fa 

, |£—11 12T^JL^^I*1^01,^ 
Hi$} Si(lll), ^^^_yrfa jijL^"^ [§] ^ ̂  fa ? 

'^^1*1 o 
15 fUt4|c, 4gCE, 4a^£, 45 

H###J, (LED), iiUfe-^l'f, (HEMT), 
(FET), PIN^'f^AF0^^^o 

1 f^'Jit^, &&a TifW: 
20 SI, 11; 

S2, &#r3£%-^#i£ 11 Ji*]4M$~-f-^yg- 12, %-%-%-&& 11 

jNfc S2 12 2o 

25 M&MJk&tkfo, S12*L&, a£T^&&: 
12_hi£^rVX%\%r%—%-%-*&%; 13 

-^rfaM: 11 jL77 fa -h-M-^ff^B I*] $] m fa, fe-
fc-f 77 fa ±-^nvfa~^M sfiU^f 4"^ . 
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faM; 12 13^~-f 

^ faM; 11 ;fc||j^-f-^yg- 12 Si(lll)-f 
%, g.^, 12 f?pi^Si(lll)^^y^<-211>^i^|l--^-f-

^yg- 11 f?PTy^ Si(lll)^-f-^y^^<l-10>^r^^i-f-#o 

12 ̂ ]<-2\\>yT^^%—4-f-^yg- 11 ^J<1-1O>^-?L!0] 
10° , 20° il30° f-; |l—-f-^yg- 11 

ygl2T^^#ygi^^^^#^,il#WJiygSi(lll)^-f-^yg^TygSi(lll) 

f, it^&T^-hyg-
Si(lll)^-f-^yg^Tyg Si(lll)^-f-^yg^i^^:^'J^^^g^,T^i€l,ii;-f 

® 3 , ^PJiyg^ Si(lll) 

^<-211>^ri^^Tyg Si(lll)^K-101>^-f 

iC.t, ^HMt&l&&: Jjl-^HH^ll; te-fljl-^-^ygll 
-f-f^yg- 12, ^.r-f 4HM- 12 ^'J^-f-H^h^yg- 2C 

|| — ̂ --f-^yg- 11 &^Tyg Si(lll)-f4H^, 12 &-^Jiyg 

^ Si(lll)-f 4H£yt, JLJiyg- Si(lll)^-f-^yg^J<-211>^r^Tyg Si(lll)yg^J 

<-101>^r^^i-f-#o #,&*&, % — 11 12 

i£#T^i£jiyg Si(lll)-f4H^^T>g- Si(lll)-f4H£ 

&-h, 7% 

fl, T ̂  #'l±o 
S) 4(a), ® 4(b)^S) 4(c)^^ 

®, £p_hyg^j Si(lll)^j<-211>^r^Tyg Si(lll)^K-211>^#£-HMW 

® 4(a) ® 4(b)^® 
4(c)^#J ̂ ?Jiyg Si (111) fo~F M: Si (111) ^J«L® „ 

1 &•*£: JjC-^-^yg- 11; ^-f%—%-%-frJk 11 Ji12, 

12 -sr^^I 20 
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% — ̂ --f-^yg- 11 &&TM: Si(lll)-f4H^, 12 
ffi Si(lll)-fJLJiyg Si(lll)^-f-^yg^<-211>^r^^T^ Si(lll)yg^J 
<-2\\>7T&)$r&—'HM > 60° 60° $1 

12T>X£#v&4^;0>£M*l. it# 
5 Si(lll)-f-H^^T>g- Si(lll)^#^^#iW$&^£l*l--

_h, J jfrft fkitAtf]% fl> 
^ "^r # 'ii o 

® 5(a), ® 5(b)^® 
®, Si(lll)^<-2ll>7y&faTM: Si(100)^j<-110>^#£-HMM 

10 , ® 5(b)^® 5(c) 
frMft XM: Si (111) faTM: Si (100) „ -f 1 &•*£: % —¥ 

ll; ll Jitf 12, 12 T 

2o 11 
yg- 12 [*], % '•^f'-^rfaM: 11 fa%> 12 ^.7^-^-yj ^ ̂  

15 
|| — ̂ --f-^yg- 11 Si(100)-f^Ji-^-f-^yg 12 

Si(lll)-fJLJiyg Si(lll)^-f-^yg^<-211>^r^^T^ Si(100)yg^J 
<-110>Z-fa<fr£—^M, igffiM&lk'J^f-f 90° 90° ^ 

20 iiJiyg Si(lll)^-f-^yg^T^ Si(100)^^yg ^ 

JL, AkJhisijt J & ft fftW. tkifAtf] %fl, T^ # 

•£. 
1 "^TJ'X lij^-yg-^^-yg)^ Jl^Kf ^ 

-f-^ygyg«il, ^fWil &t, 
25 —11 fa^^^M: 120 

yg^Jl^Jjl-^-^ygHt, #JL 

"ijl J* Jly5" 1°J 1*1 tfjwi&j , ^7K-^-55r loj _L^J EJE) 1°} J-V*. 

[*!#, it 
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faX-Mr^f 1*1 BE) fa , jtkTK-f'Zr fa-k-$)nhfa~3r M 

AT fa 11. 
12 VX7L%-^-^^ 13o &t, 11 

5 ^yg-1*1 $} nn^-^Ma, if fa1*1 ft^nnfa , 
faJc.$]nhfa~5J' M'§[-&4L~5T 

#J0 |£ —-f-fMM- 11 &&TM: Si(lll)-f-fM^, 
-f-^yg- 12 Si(100)^-f-^ygo 

10 *%—%-%-*&& 11 12 &&&&£&%& 

tij '•^f'-^r^M: 11 —^f~-%"*i^M; 12 jSC^qMS'Jl^yg-jt^ 
m. 

%% —-f-fM^yg 11 ft Si ( 111 ), ||j^-f-^yg 12 ft Si ( 100) Ht, 
15 , &% —W^yg 11 ;fc||j^-f-^yg 12^fc£#vg^tfcT^ 

A Si(lll), Si(100), Si(lll)^ Si(100)^^#^^^o il#^>£[*l#T^ 
"ii^^^J^-^^yg- -Hr^ fr\J If- 0j I§j 7^^1*1—^55" fa Jo., 7 M ft ^\J M&>-^~ 
ffc tf] fettJk tf] & fl, T ̂  ̂ L ̂ .41. ̂  *£#J& ̂  T # '14 o 

&—#*&, &Jjl-^-fM^yg 11 ^Jjlj^-f-^yg 12fc&&&%AJLjg:£lJL 

^yg ( ® 6 t^iti ), ^vg#^&-feSi02, SiN\ A1N^C 

fa, &7K-¥-3-faX$ifaXi&; fa/&, 
4^M- 12 jL^ fann fa, J^y^-^-yr fa Junn fa^fi^o 

MfttfjMfc; %—7T&, J& (fa Si02 

$tft 3.9, SiN fr&titft 7.0, AlN^felNM? 8.5)M^-£f&%, 

-jjE^Hff if A !S- HI 'I± ̂  T # 'I± o 
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& Si(110)vg^ Si(100)M:^&M:i:%M^L&^Ac -f-f-^# 
A 1 1 _hf'J^ 
#2. 12. 

5 #7-/^#], ® 7 ^ATl^-k-^^-^^'J^ 
11, Jjl-^-f-^g- 12 vxaS-^^Jk 13. 11 

JS.^ JsJ ^ ̂  , -frJL$J J-^r ̂  I*] fr\J gq 
fa, 
£—n Si(110)^-fM^, Jjlj^-fM^i- 12 

10 Si(100)^-f-^ygo 
%%—•%-%-faM; 11 12$Ufc^fvgJh 

5tfc*r^&Si(llO). Si(100), Si(llO)^ Si(100)^^#^^^o it.1^#^ 

^:3rio) Ji, A/v^i€^TyS:^^ 

ilt—M:^k%ii^i£ If? '-^-fL/^/g" 11 ^Jf?-—-^rfaM: 12 -^,)H] 
tf}frJ$M: ( ffl 7 t^ifc )> Si02, SiN, A1N 

TK-^f" \oJ _L 1^) \oJ $^o"', i&t"^/fTyg-^7&\J Jf? 11 
20 %-^M: 12 

Jr, j^— 3T&, frJfc4\-
&t$£ (faSi02 3.9, SiN^^fe*/ 7.0, AlN^'flt^? 8.5), 

, if ig- m <i4^^r#'i4 o 

Si(lll)^ Si(110)yg^^^^^#^o 

1 "^TJvl _L^7 Jj£"-^L^ygr3C^yg®^^i J 1 _t-^,J^^"J^" 
-HMM&&2. &t> ^^&^-^^ll^^-f^>&12. 

E§ 8 , ^A~F I^J Ji^/ic^^'JT^?%~~~ 
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yg- 11, 11 

^yg-1*1 &} nn^-^Ma, ff 1*1 
ioj_L^ BE), Jf?— 

&&%AjLjg£ljL£MjLtfj£&g#i. %—%-%-frJk 11 

&&TM; Si(lll)-f-H£,g, 12 &4£Jiyg^J Si(110)-f-H£,go 
^-f-^ygygft^M Si(lll), Si(110), Si(lll)^ Si(110)ift^#J&&#J„ it 
^55"[*1 fr\jlf- ^71§7 ^f>y$l |s} —^55"iij_L, /Ai^ji^ 

^ Ty®^ ̂  ̂  ^ ̂ ^44IJ*£#>&tf]T#'|-4o 

yg, ^yg#^&4£ Si02. SiN, A1N ^yg-^^4|5^^—^-f-^yg^/ 

[§1 ^ g^loj , ^7K-^-55rioJ JlEJE) 

^--f-^yg^/il^-^^-f-^yg^Bli^^^vf;^ , JL^TK 

l£/fyg, %—7T&, frJft(-!& 
Si02 3.9, SiN^&lNM? 7.0, AlN^felNM? 8.5) 
& %, & -& f &>£ ̂  it-^T, T , 
"5f if iUri]'^^"5]"#'|4o 

T^i€iu&-f l^^-f^ygr 
jUjiM^-f-^yg, JMMlifc, &t, 
^yg^^^-^-^yg£#il^riij JiX ft #}&%&, fr&%-^^yg 

>g£# jLarft iM * l§] &m $ &, —f ̂ fryg J? -^-f-^yg# 

1^1 # $ & , -^^yg^/raL# —f ̂ fryg 
tf -f^fryg^ J^-f-^yg tf & m^m 

^-^-f-^ygry^# jL^r^J Jl ^ 1*1 fr\jlf- ^ if? „ 

tij tb , J^"-fL^ll-/fih3k.^f--%-
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Ai£.%X&'£UitA2£$J, ffl$-*tA$-/£.tf]-$'/frT> ~°r &><&'}" 
zi^MiAj^X^M"$, 1*1 HtT^^'Jxx£ 

*ML, 

^ JL£* 135«-0^ #J## 4 tfj if #L~F> fb# # tfj^ £KL 

^^Ml^ „ ^yEM^Hsi 
10 t {ftteHfft ® #ie»^L^ fM'J #r 

15 
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£ 

jL^~fa Jl -Hr^f^ 1*1 M & , 

^ jiWr^ is] ##• % &, pm$-^^4 

%_yj fa Ji JL/^" ̂  [§1 ̂ |f- 0, 1S7 „ 

1*1 il ̂  1*1 o 

^yg-^t^i"%_7j fa Jl-Mr^f 1*1 l^Kj fib fa •. \O} Jlfr\j BE) I°J 

4, falfe2 PJf&tf] ft A, -g-#^^-f, ^Ti^.^— 

^7^-f-7j fa fr\J BE) I^J ^llf^o 

E) & , # BE) jl 

#^&4£fUt4g, ^0Vl^iL 

7, 5 -&#;*£,£.-f, #fi£|l —-f-HM" 
# fu %J& &##•, # —%-%-fcJkfr% ^HM- ft * <£ PH^J „ 

8, l PJf^i1^-%-faftA, -g-#^£^-f, 
^fcj 
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fc-f-

^$4$^ ft Jl-Hr^f 1*1 &\J BE) ft , ^-TK-^p-^r ft JlfjE) ft ^ 

4"^; 

jLy5~ ft Jl-Hr^f^l 1*1 fr\J BE) 1°} , 

/£L7Mf-;3~ ft Jl0E)ft^>$^o 

12, 10 + 
#fi^LJj? —'-^Jr-^faM-tf) BE) 1*1, JEL^T^-^;^" ft Ji BE) ft ^f>iir^; 

JL^TK-f-^rftJi 
BE) ft 

14, 13 PJfi£&{J^-f-^H^, ^t-#^a£^-f, 

yg&fe£, fUt4ic, 404ic£, 4s^£40fLt^— 

15, 13 

, j^t7lG-X4?Lr|' , JSJ '^j'f' EJE)^i=f , W ffiM-
PINX^'f 

SI, 
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17, 16#ri£^>Ji£^, &#te£-f, P/T&lp-W S2&&& 
10 &: 

18, 16 ft%}&$-&, -&#fc£-f, 
izm£, 

jfi yZ^X *f» tfj — #iL $ # tf} £JL^ „ 

15 19, 16 %}&&&, -&#fc>£.-f, #fi£:*MfL S2 f&ff 

—jl # fr-j im •£* o 

20 21, 16^i£^^Jit^r^, -&#fc£-f, 

#; 
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- & fUtit:# fUt77&#] A, &} CVD, PECVD, LPCVD, 
RTCVD, MOCVTh MBE, ALD 

5 


